candidacy assessment were excluded, as were individuals who were assessed for repeat liver transplant. The wait list and transplant cohorts on which the secondary analysis were based were composed of, respectively, all individuals assigned to the wait list for receipt of first liver transplant, and all individuals who received a primary liver transplant between December 1, 2004 and December 1, 2009.
Measured variables included the following: sex, age at referral, province of residence, primary liver disease indication for transplant and secondary liver disease(s). Assessment time was measured from referral date until date of official candidacy decision, death during assessment (censored) or December 1, 2009 (censored) . Populationstandardized incidences were calculated based on provincial populations from the 2006 Canadian census and are expressed per 100,000 persons (1). Ninety-five per cent CIs for these point estimates were calculated using Wilson's formula for a binomial, as recommended by Rothman (2, 3) .
All statistical analyses were performed using Stata/IC 11 software (StataCorp, USA). Categorical variables are expressed as frequencies and percentages. For continuous variables, the median was used as the measure of central location, and the interquartile range (IQR) and/or range as the corresponding measure of variation. The Kaplan-Meier, product limit, method for censored time-to-event data was used to describe assessment time to completion. The Fisher's exact test was used for statistical comparisons between categorical variables. Univariable analysis of assessment time-to-completion, wait-list survival and wait time to transplant was performed by comparison of the Kaplan-Meier estimates of the survival function between groups, defined according to province of residence, using the log-rank test. Multivariable Cox proportional hazards regression was used to generate covariate-adjusted HRs to describe the association between province of residence and wait-list survival and wait time to transplant. All tests of hypothesis were two-sided and a 5% probability of type I error was the threshold for significance.
Results
From the date of its reactivation (December 1, 2004), until December 1, 2009, the Multi-Organ Transplant Program's liver transplant service assessed 337 individuals for receipt of first liver transplant (Figure 1 ). The characteristics of this cohort are summarized in Table 1 . The three leading primary liver diseases indicating transplant were alcoholrelated end-stage liver disease (20.5%), hepatocellular cancer (16.6%) and hepatitis C-related end-stage liver disease (14.0%). In 50% of the individuals with hepatocellular cancer (28 of 56), the underlying endstage liver disease was due to chronic hepatitis C infection. Thus, the prevalence of hepatitis C-related liver disease in the cohort of referrals assessed was 22.3% (75 of 337). The cholestatic liver diseases, primary biliary cirrhosis and primary sclerosing cholangitis, were the primary indications for transplant assessment in 18.1% (61 of 337) of the cohort.
Not included in the assessment cohort were 16 individuals who were referred during the five-year period, but died before assessment could be initiated. As such, information on this group of 16 preassessment mortalities is incomplete and the quality of the data may be suspect. It must also be recognized that, because they had not been assessed, their actual candidacy for transplantation is unknown. Nevertheless, some exploratory observations on this group may be informative. This group of 12 males and four females did not appear to differ from the cohort who began transplant assessment according to age, liver disease etiology or province of residence (data not shown). All 16 preassessment fatalities had a chronic liver disease listed as the primary indication for transplantation. The cause of death was known for only six of the 16 referrals, five of which were due to end-stage liver disease-related complications and, one patient who had been referred very proactively with slowly progressive end-stage liver disease, died suddenly from an acute cardiac event just weeks before transplant assessment was to have started. Laboratory data sufficient for calculation of Model for End-stage Liver Disease score 
Data presented as n (%) unless otherwise indicated
(United Network for Organ Sharing modification) were available for 12 of the 16 referrals for which the median score was 18.5 (range 7 to 38). By comparison, the median score for the 121 individuals with end-stage liver disease who were assigned to the wait list during the fiveyear study period was 13 (range 6 to 33). The relatively high level of illness acuity of the individuals who succumbed before the initiation of transplant assessment, coupled with the observation that the median time between referral and death for this group of 16 was 17.5 days (interquartile range 2.5 days to 33 days; range 0 to 585 days), suggests that these individuals were either suffering from rapidly progressive endstage liver disease or that they were referred late in the course of their disease process. The assessment outcomes for the study cohort, as of December 1, 2009, are summarized in Figure 1 , and the Kaplan-Meier estimate of assessment time to completion is presented in Figure 2 . Of the 337 individuals who began multidisciplinary transplant assessment, 302 completed the process, 26 were still in progress at the end of the study period and nine died during their candidacy assessment. For eight of the nine individuals who died, the indication for transplantation was a chronic liver disease and complications of end-stage liver disease were the direct cause of death for seven, while an acute myocardial infarction was the principle cause of death in one. The other individual who died during the assessment process experienced subacute liver failure due to autoimmune hepatitis, with their terminal event being an acute myocardial infarction. For the 302 individuals who completed the assessment process, approximately one-half (50.6%) were deemed to be suitable candidates and were assigned to the wait list, almost onethird (31.1%) were deemed to be unsuitable for transplantation and transplantation was believed to be unnecessary in 18.2%.
Geographical comparisons
The province of residence for the 337 referrals assessed over the fiveyear period is summarized in Table 1 . Relative to their proportional contribution to the 2006 census of Canada population of Atlantic Canada (total 2,284,779), residents of NS appeared to comprise a greater proportion of the cohort than might be expected. This led to an analysis of the population-standardized incidence of transplant assessment according to province of residence, the results of which are summarized in Table 2 . As shown, the population-standardized incidence of referrals assessed differed significantly (Fisher's exact P<0.001) across the four provinces. Based on the results of this analysis, it appeared that, relative to NS, residents of the other three Atlantic provinces were 34.3% (NB incidence ratio 13.0/19.8 = 0.657) to 54.0% (NL incidence ratio 9.1/19.8 = 0.460) less likely to be assessed for liver transplant. The secondary analyses showed these differences were carried over to the population-standardized incidences of wait list assignment and liver transplantation, as shown in Table 2 . Of note, the persistence of disparities in these two subsequent outcomes implies that the interprovincial differences in liver transplant candidacy assessment are not simply a function of relative over-referral of individuals from NS.
Once assessment had begun, assessment time to completion was not found to differ according to province . These results imply that, once assessed by the Multi-Organ Transplant Program, there did not appear to be any disparity in access to liver transplantation. To explore this premise further, the outcomes for the cohort of patients assigned to the wait list during the study period were analyzed.
In the five-year period between December 1, 2004 and December 1, 2009, 159 individuals were assigned to the Atlantic Multi-Organ Transplant Program's wait list for first liver transplant (153 from the referrals assessed cohort joined by six candidates who were referred and/or assessed shortly before the service was formally reactivated). By the end of the study period, only nine candidates (5.7%) were still awaiting a donor organ, while the remaining 150 candidates had all experienced a definitive wait-list outcome. Of these 150 candidates, 105 (66.0%) successfully received a liver transplant and 17 (10.7%) died (n=7) or were removed from the wait list due to terminal liver disease (n=10) (for a more detailed description of this cohort and their outcomes see references 4 and 5).
The risk of wait-list failure was not found to differ according to province of residence (Fisher's exact P=0.176), and ranged from: 7.1% (two of 28 candidates) for NL; 8.2% (seven of 85) for NS; 15.0% (six of 40) for NB; and 33.3% (two of six) for PE. Univariable wait-list survival analysis supported this finding (log rank P=0.275). Because the wait-list survival of this cohort was known to be significantly influenced by Model for End-stage Liver Disease score at the time of waitlist assignment and ABO blood group status, multivariable survival Figure  4 ). Of note, in view of the small numbers in some of the provincial groups, all of the above analyses were also performed with province of residence dichotomized as being NS or 'other' (NB, NL and PE). These analyses also failed to show any significant differences in waitlist survival, probability of receipt of a transplant or wait time to transplant (results not shown).
disCussion
In characterizing the cohort of Atlantic Canadians assessed by the Multi-Organ Transplant Program for consideration of first liver transplant in the first five years of activity after its reactivation, the present study uncovered evidence that suggests that there are interprovincial disparities in access to liver transplantation in Atlantic Canada. These disparities appear to be related to factors that act before the initiation of the assessment process because assessment time and the probability of wait-list assignment were not found to differ significantly among the four provinces, nor were wait-list outcomes (wait-list mortality, probability of receiving a transplant or wait time to transplant). To our knowledge, the present study is the first to document this phenomenon with regard to liver transplantation in Canada. Ideally, individuals in need of liver transplantation, who have a reasonable prospect of recovery post-transplant, should have their access to this treatment determined solely by their medical need and not by other factors such as their age, sex, race, financial resources or place of residence. Geographical disparities in access to liver transplantation have been previously documented in countries other than Canada. These studies have predominantly focused on three geographical variables: travel distance to transplant centre; residence in a rural versus urban setting; and residence in different transplant service regions. The latter has been the most frequently reported focus of analysis, and has been fuelled by long-recognized inter-regional differences in wait-list outcomes (ie, mortality, wait time and successful receipt of transplant) in the United States, which have been shown to be due to differences in allograft demand relative to allograft availability among regions (6) (7) (8) . The United Network for Organ Sharing has attempted to resolve these inequities via modifications to the distribution algorithm; however, a recent study of United Network for Organ Sharing data from 2002 to 2009 documents that considerable differences in candidate mortality, incidence of transplantation and illness acuity at transplant still exist among donation service areas (9) . Via their analysis, Yeh et al (9) demonstrated that these inter-regional differences were largely demand driven, and advocated additional changes to allocation policy to permit broader geographical distribution of donor organs.
Inter-regional disparities in liver transplant access are not limited to the United States. Three studies, all published in the same issue of Transplantation in 2003 (10) (11) (12) , reported on inter-regional differences in access to liver transplantation in France, the United Kingdom and Spain. These studies demonstrated differences in population-based probability of wait-list assignment (12) and liver transplant wait-list outcomes, which included; wait-list mortality (10), probability of transplantation (10, 12) and wait time-to-transplantation (10-12) among transplant regions in their respective countries. Proposed explanations of these disparities included inter-regional differences in rates of organ donation and procurement, liver disease prevalence and illness severity of candidates (10) (11) (12) . Additionally, the Spanish study produced evidence that suggested some regions, particularly those without a transplant centre, had lower rates of referral of individuals with chronic liver disease for consideration of liver replacement (12) . In some ways, this latter finding bears similarity to that of the current study.
Greater distance of residence from liver transplant centre, via its imposition of logistical and financial challenges to potential candidates, has been the second most studied geographical variable. An early, but methodologically notable, population-based study evaluating the influence of geographical location on liver transplantation was reported by Tuttle-Newhall et al in 1997 (13) . This study used administrative health care data from North Carolina (USA) between 1988 and 1993, and found that distance of county of residence from transplant centre was a significant independent predictor of the rate of liver transplantation. These investigators also demonstrated, with univariable analysis, that distance from transplant centre had an inverse (dose-response) relationship between level of distance exposure and rate of transplantation. Overall, however, the evidence regarding the influence of residence proximity to transplant centre has been inconsistent. Studies by Ozminkowski et al (14) and McCormick et al (15) both failed to document a significant association between proximity to transplant centre and candidate probability of receiving a liver transplant (although in the later study, residence proximity was found to be an effect modifier of the association between insurance payer and receipt of liver transplant). In an analysis of their first liver transplant referrals between 2002 and 2005, Firozvi et al (16) found that travel time to transplant centre was not associated with the probability of an individual being assigned to the wait list, candidacy assessment time, wait-list survival, probability of receipt of a liver transplant or posttransplant survival. We too, have analyzed the influence of candidate travel time to our transplant centre, and found no association between this geographical variable and candidate assessment time or wait-list survival (5) . Therefore, it appears that geographical inequities in liver transplant access cannot be simply explained by distance of residence from transplant centre. Sharing similar potential impediments to transplant access as proximity to transplant centre, the association between residence in a rural setting and liver transplant accessibility has also been explored. A prominent study, reported by Axelrod et al (17) in 2008, used United Network for Organ Sharing data of transplant wait-list registrations from 1999 to 2004 to evaluate the influence of residency in rural versus urban or suburban areas on wait-list and post-transplant outcomes. The investigators found that residents of rural areas were significantly less likely to be registered for, or receive, a liver transplant. The authors hypothesized that the observed disadvantage could be due to barriers to completing the complex transplant referral and evaluation process faced by rural residents, such as greater travel time and expense, or delay of referral to a specialist. Of note, Axelrod et al (17) found that there were no rural versus urban differences in outcomes postassignment to the wait list. Supporting these latter findings, we have reported an analysis of the influence of rural residency on the wait-list experience of our candidates, which found no evidence that rural residents incurred inferior outcomes relative to their urban/suburban contemporaries once an individual was assigned to our wait list (5) . Unlike the study by Axelrod et al, our previous study did not evaluate measures of accessibility before wait-list assignment, a limitation that was, in fact, part of the impetus for our current analysis.
Compared with these previous reports, the present study is unique in that it documents a geographical disparity within a single transplant service region. Additionally, compared with previous studies that have predominantly used wait-list measures (eg, wait-list mortality, probability of transplant receipt or time to transplant) to evaluate the influence of candidate location on liver transplant access, the present study endeavoured to measure access at the level before wait-list assignment (although wait-list measures were also analyzed). As a result of analysis at this level, we have exposed that the subsequent interprovincial differences in wait-list outcomes, such as incidence of wait-list registration and receipt of transplant, appear to have their origins before the start of the transplant assessment process.
The principle findings of the present study, and the exploratory analysis of referrals who died before the liver transplant candidacy assessment could be initiated, suggest a need for the implementation of measures within our service region to increase the recognition and referral of patients with terminal liver diseases for transplantation. The most direct method of achieving this objective would be to increase the hepatology service presence in the Atlantic provinces. This would require either specialist physician recruitment at the provincial/ regional level or provision of satellite clinics to underserved areas by members of our liver transplant service. Additional interventions, such as continuing professional development events or creation of an Internet-based resource outlining the indications and contraindications for liver transplantation, may also facilitate the recognition and timely referral of appropriate candidates for liver replacement by primary care physicians.
One potential limitation of the present study is that it used total provincial population as the denominator of the geographical comparison, rather than provincial liver disease-specific population. The latter would be the optimum denominator to use in the analysis, although, as indicated by Axelrod et al (17) , accurately determining the true disease burden in a population can be difficult. As a consequence, the apparent interprovincial differences in the incidence of liver transplant assessment may be explained by differences in the underlying prevalence of liver disease among the four provinces that compose our service region. However, accounting for the observed interprovincial differences would require that the prevalence of liver disease in NS be 1.5 to 2.2 times greater than in the other three Atlantic provinces, a scenario that is not supported by reported provincial age-standardized chronic liver disease mortality rates (per 100,000 residents: NS 6.5, NB 5.1, NL 4.0, PE 8.5) (18) . We must also acknowledge that our analysis assumes that our program is the sole provider of liver transplant service to adult residents of the four Canadian Atlantic provinces. If this assumption is violated, and there are a significant number of candidates travelling to transplant programs in other regions, then the observed interprovincial differences in incidence of transplant assessment could be erroneous. Although this scenario may be plausible for NB, where Frenchlanguage patients may prefer to travel to Quebec for liver transplant service, it does not readily explain our observations for the two apparently least served provinces, NL and PE. Indeed, information provided by members of the two adult liver transplant programs in Quebec refutes any important amount of service provision to residents of Atlantic Canada during the five-year study period because only two individuals, both from NB, received a liver transplant from these programs during that time. A final potential limitation concerns our secondary analysis of the five-year wait-list cohort. Because the size of this cohort was modest (n=159) and the number of failure events was small (n=17), our ability to detect interprovincial differences in wait-list survival with this supplementary analysis was constrained. To address this, a complementary analysis, using a dichotomized classification for provincial residential status, was performed in an effort to improve our power to expose any potential geographical difference.
ACKnoWledGeMents: Dr Renfrew expresses his gratitude to
Catherine Guimont, Mary Jane MacNeil and Terry Reardon for their provision of guidance and assistance, which greatly facilitated the creation of suMMARY In characterizing the cohort of individuals referred to our adult liver transplant service over the five-year period from December 1, 2004 to December 1, 2009, for consideration of candidacy for first liver replacement, we uncovered evidence that suggests significant interprovincial disparities in access to liver transplantation exist in Atlantic Canada. It would appear that the observed differences are a function of relative differences in incidence of referral for transplant assessment because once assessed by our program, there was no evidence of province of residence-related differences in probability of receiving a liver or wait time to transplant. Secondary analyses demonstrated that these interprovincial differences in population-standardized incidence of assessment translated into differences in incidence of wait-list assignment and, ultimately, to receipt of liver transplant. These results suggest a need for the implementation of measures within our service region to increase the recognition and referral of patients with terminal liver diseases for liver transplantation. the data set on which this study was based. Dr Renfrew also thanks Dr Marc Bilodeau of the University of Montreal and Dr Murad Alfiffry of McGill University for providing information regarding the provision of liver transplant services to residents of the Atlantic Provinces by their respective programs.
